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Single-dose intravenous remimazolam reduces risk of post-cesarean shivering and

promotes postoperative recovery: a randomized double-blind controlled trial

Zhang Hui, Xu Fanning, Li Dan, Li Fen, Chang Liya, Wang Dandan Department of Anesthesiology, Yulin
Hospital, First Affiliated Hospital of Xi”an Jiaotong University, Yulin, Shaanxi, China

[Abstract] Objective Post-cesarean shivering under combined spinal-epidural anesthesia (CSEA) is
highly prevalent, which can cause to maternal discomfort, increase oxygen consumption, interfere with vital
sign monitoring, and potentially lead to adverse cardiovascular and respiratory events. Remimazolam, a novel
ultrashort-acting benzodiazepine, has been shown to reduce postoperative shivering in general anesthesia.
This study aims to evaluate the prophylactic effect of remimazolam on post-cesarean shivering under CSEA
and its impact on maternal recovery quality. Methods A prospective randomized double-blind placebo-
controlled trial was conducted on 140 singleton full-term parturients (aged 24-40 years, ASA physical status
II, BMI <35 kg/m?) undergoing elective cesarean section under CSEA in our hospital from June to December
2025. They were randomly assigned to a remimazolam group (Group Remimazolam, receiving a single
intravenous injection of remimazolam 0. 2 mg/kg immediately after delivery and umbilical cord clamping, n=
70) and a control group (Group Control, n=70, receiving an equal volume of normal saline). The incidence of
moderate-to-severe shivering within 90 min after neuraxial anesthesia [assessed using the Bedside Shivering
Assessment Scale (BSAS)]. quality of recovery on postoperative days 1 and 2 [measured by the 15-item
Quality of Recovery (QoR-15) scale, covering 5 dimensions: emotional state, psychological support, physical
comfort, physical independence, and pain], Observer's Assessment of Alertness/Sedation (OAA/S) scores
within 90 min after drug administration, and intraoperative adverse reactions (hypotension, bradycardia,
nausea. vomiting and dizziness) were compared between the 2 groups. Results There were no statistically
significant differences in baseline characteristics between the 2 groups, including age, body weight, gestational
age, primipara ratio, anesthetic block level, intraoperative blood loss, or operative duration (all P>0. 05).
(D For the primary outcome, the overall incidence of moderate-to-severe shivering in Group Remimazolam was
27. 1% (19/70), significantly lower than that in Group Control [55. 7% (39/70), P<0.001]. Remimazolam
reduced the risk of moderate-to-severe shivering by 62% compared with the risk in the Group Control (HR=
0. 38, 95%CI: 0. 22 to 0. 67, P=0. 000 4). During the 0-30 min period, the incidence of moderate-to-severe
shivering was significantly lower in Group Remimazolam than in Group Control (10. 0% vs 25. 7%, P=0. 027).
@ For secondary outcomes, the QoR-15 total score on postoperative day 1 was 126 (124, 128) in Group
Remimazolam, which was significantly higher than that in the Control group [116 (115, 118), P<0. 001]; on
postoperative day 2, the Remimazolam group scored 141 (140, 143), which was significantly higher than that in
the Control group [133 (130, 135), P<0.001]. Group Remimazolam showed significantly higher scores in the
dimensions of emotional state, psychological support, and physical comfort (all P<0.001), whereas there were
no statistically significant differences between the 2 groups in the dimensions of physical independence or pain
(P>0.05). The OAA/S score at 15 min after drug administration in the Remimazolam group was 5(4, 5),
which was lower than that in the Control group [5 (5, 5), P=0. 004], and returned to the level of the control
group after 30 min (P>0.05). No significant differences were observed in the incidence of bradycardia,
hypotension, nausea, vomiting or dizzines between the 2 groups (all P>0.05). Conclusion A single
intravenous dose of 0. 2 mg/kg remimazolam administered immediately after delivery during cesarean section
under CSEA can significantly reduce the risk of moderate-to-severe post-cesarean shivering by 62%, also
improve the quality of maternal recovery on postoperative days 1 and 2 (particularly in the dimensions of
emotional state, psychological support, and physical comfort). The regimen produces only mild, reversible
intraoperative sedation without increasing the risk of adverse reactions.
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;El ZQFﬁﬂgzkllﬁf‘_ n:u\ttiﬁ [n 70 x*s, M(PZS’P7S)]

Table 1 Comparison of basic clinical characteristics between the 2 groups of parturients [n=70, x+s, M(P,;,P.;)]

Ttems Group Control Group Remimazolam z/XZ/Z P
Agelyears 33.4+3.9 32.7£3.8 1.13 0.26
Height/cm 160. 3+5. 5 161+5.0 0. 84 0.40
Weight/kg 74.9+10. 1 74.9+8. 1 0.20 0. 84
Gestational age/weeks 38.3x1.6 38.3+1.3 0.12 0.91
Primiparity rate/n(% ) 42.0(60.0) 40.0(57. 1) 0.12 0.73
Body temperature/C 36.4+0.2 36.3+0.2 1.17 0.24
Sensory block level Ty( Ty, T,) Ty( Ty, T,) 1.45 1.47
Intraoperative blood loss/mL 312.9+61.2 310. 0+68. 4 0.13 0.90
Duration of surgery/min 46. 1+7.5 47.0+7.2 0.63 0.53

R2 2HAFAEENREEARNRPEERRRZEBRILE [2=70, #1(%) ]

Table 2 Comparison of the incidence of moderate-to-severe shivering at different time periods after intrathecal anesthesia

between the 2 groups [n=70, n (%) ]

Time Group Control Group Remimazolam X P
0—15 min 9(12.9) 3(4.3) 2.28 0.13
15—30 min 9(12.9) 4(5.7) 1.36 0.24
30—45 min 12(17. 1) 4(5.7) 3.46 0. 06
45—60 min 8(11.4) 8(11.4) 0 1. 00
60—75 min 0 0 — —
75—90 min 1(1.4) 0 0 1. 00

o
=
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% 0.6 1
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8
£ 0.4 4
o
=
S
> 0.2
= —— Group Control HR=0.38(95%Cl:0.22~0.67)
s o —— Group Remimazolam P=0.000 4
o
a Number at risk
GroupC 70 61 52 40 32 32 31
GroupR 70 67 63 59 51 51 51
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Figure 1 Relationship between moderate-to-severe shivering
and time within 90 min after intrathecal anesthesia

in the 2 groups
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£3 2HEF MR M ERELF 90 min 1 OAA/S TS ELEE [0=70, %, M(P,,, P,;) ]
Table 3 Comparison of OAA/S scores within 90 min after intrathecal anesthesia between the 2 groups [ n=70, score, M(P,,, P,,) |

Post-intrathecal anesthesia/min

Group

15 30 45 60 75 90

Control 5(5,5) 5(5,5) 5(5,5) 5(5,5) 5(5,5) 5(5,5)

Remimazolam 5(4,5)" 5(5,5) 5(5,5) 5(5,5) 5(5,5) 5(5,5)
Z 2.98 1.76 1.76 1.76 1.76 1.76
P 0. 004 0.083 0.083 0.083 0.083 0. 083

OAA/S: Observer’s assessment of alertness/sedation. a: P<0. 05, compared with Group Control

F4 28FARPARREEREFBRLE [2=70, #1(%) ]

Table 4 Comparison of the incidence of intraoperative adverse events between the 2 groups [7n=70, n (%) ]

Group n Bradycardia Hypotension Dyspnea Nausea Vomiting Dizziness
Control 70 0 14(20.0) 0 21(30.0) 6(8.6) 0
Remimazolam 70 0 15(21.4) 0 20(28.6) 6(8.6) 5(7.1)

X’ — 0 — 0 0 —
P 1.0 1.00 1. 00 1.00 1.00 0. 058

£5 24HARE24.48 h QoR-15FE4 L [n=70, &, M(P,,,P,,) ]
Table 5 Comparison of QoR-15 scores at 24 h and 48 h after surgery between the 2 groups [ n=70, score, M(P,,, P,;) ]

24 h after surgery 48 h after surgery

Items

Group Control  Group Remimazolam ~ Z P Group Control ~ Group Remimazolam — Z P
Emotional state (40) 31(30,32) 33(32,34)" 13.36  <0.001 34(33,35) 38(38,39)" 47.51  <0.001
Psychological support (20)  14(13,15) 17(16,18)" 36.46  <0.001 17(16,18) 18(18,19)" 8.74  <0.001
Physical comfort (50) 39(38,40) 43(42,44)" 33.40  <0.001 44(43,45) 48(47,48)" 20.28  <0.001
independence (20) 17(16,18) 17(16,18) .18  0.24 19(19,20) 19(18,20) 0.22  0.83
Pain (20) 16(15,16) 16(15,16) 0.58  0.56 18(18,19) 18(17,19) 0.62  0.54

Total score (150) 116(115,118) 126(124,128)" 93.69  <0.001 133(130,135) 141(140,143)" 48.30 <0.001

QoR-15: 15-item Quality of Recovery scale. a: P<0. 05, compared with Group Control
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BH 8 I G /0N ) By e ] b 2 T B G 5 R
BT BV P AR Je JE AR AR, HAE ] 2 A7
FE IR KA I (0~30 min) .

B Sk A I 1] 1~2 min, 3~5 min i85 IE{H , 4L

BF ] 15~30 min. ASWFFE 8516 i LUk H e A I 7l J
S BPZE T B E A 0. 2 mg/kg , Z5H17E 0~30 min P A E]
A RN 2GR PR A e B B S B T R
o WHE 2281 2R, 0~30 min B B Remimazolam
20 v E R JE KR & A R (10. 0% ) ik & Ik T Control 4H
(25.7%,P=0.027) , i — 25k T Fig S e 1 251X 3
F15 R 8 5 AT FE S S = W A . 30~60 min B
B B 25 ARG, 024 W B T R, P FE AR AR ok
55 ABAT AT WL — 2 R VE T (17, 1% vs 28. 6%) , 42
7N A] BELETE R B R0 o« 60~90 min o] B, ) 2 J€ % &
A B IHRAIR , A W5 ) 4E 3R éfwm% i, B Bty e
A R EUEN G TR R A R M v

H i 5 T 5 S e H FE S A g e b, HoAE
FAATREVR T LA F 25 R 4 ok R/ B2, H
Ly w4 38 ) 1 9% y- 24 2 T PR (gamma-aminobutyric
acid, GABA ) A 37 (A3 M ] oA i 28 R 48 24 A e
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WA JE AR S M 2 SR I MERS YRR S |
F S 5 S i 7 5 G LR B 2 R R T
I L R M 45 Bk 51 Ak A0 AR T R ) 5 40 i) 9E
AR TGRSR T 2 B S, /0N TR o
TR I , b ek B o A b 2 R g I T 4 g8
R ST 2 245 0 U B A Y A XU (A
42 , Cho 251 4 31 B T £ 75 4 65 5 DK ORR Jise i A o
AR 2 0 85 T A BRI , 3575 S A YL i 45 )
0 ] Al B JRR 5 7 AR [R) T S5, A GBI i 75 9 A B
T2 o ABAS VAR , DA I PR %0 it s 75 IR
€ SR TR R I — S 2 . Lee C
A4 O I B BB T R A B BRI R TP HE AT A — T3
AT P BE AL X B 8 7% , 45 - I A 5 R A L
Firt b WA 4 8 W KRR i 2H PACU FE i & A 3R I 35 1%
06, L8 Sl ™ 3 P8R 3 A, JR R i A 7 4 B R
SF T BA W BT FE A 3. BR1T, Lee J 2575 MBS
BT AR R I, B T A SRR KRR B2 A AR A
R 2 1 R T TR BRI, R B o e oA T
A (4 500 T R DR TR BRI 7 5 R 4 2 LI
RIAEAEZE 52 SRR 5T 45 5 1) S o o ok ) 72
R T T AR FRR S 5 T A 3 T e (e 2 R Y
B,

b0 e ] M= NS S TR /K N A
T s AR 2GR B SR B2 At AR S5 I 5
J7 R RR R ZE A IR . A RAEKEAE N m it
PP o b IR BRI R, BAE A SR IR IE i &
A (HER K 26 2 5 nT 5] B Y0 Bl 2 AU L
JE , HLHAR R T HR i il 45 K, T REZE 3R 7 A AR
RS0 5 R O S 2y T 22 e T B B R
HLI R AR BT IE SR T, EL 0 IR 45 R R % A 2%
B, BB Z RSB0 B R SO0
TR 4 A2 48, A BIF 50 205 3 ORI FE 4
AR RN L2 R R S i
ROOR R B2, R ] 1~2 min, 2 FE W2
30~60 min, H. 7 B 98 5 94 2 4 S ek e FE G L
Wt USRI %0 45 25 B0 AT RS o B S € R AR v g
(0~30 min) , 7 B A 5% 050 A S5 L 301K 52 1 S 422 fh
AHIFFT it S 2 AR G QoR-15 P43 i 2 i %) i
2R T A 2L FEIK S R T 2 AR GBI Y 2 R AR AR
PROZ TR AT ATAY . PRI, 76 CSEA #1875 — 4%
SE R B e R b T 4 9 254 Bl 2
YR ML 39 20 3 2 S L AT BT A2 A L % Bl R
JE PR B (A U K 25, s S A 245 O S B
256 I F Ao

3.2 ML LR EFARETFHRIRNE, KA E

RN EE G EAER SRR

AT ERE QoR-15 T R IAT VAL A ST E L
25 R B 7R, Remimazolam 4L R J5 1 d QoR-15 H1 47 1743
126 43, i % 5 T Control 41 116 43 ; RJ5 2 d LT
M 14143, 1. 355 T Control ZH 1Y) 133 43, 3K 25 FEAK
BAENG S0IRAS OISR BRI B 3 A4, R W
K T SR /0N 7 T WA T I S R S A
VRO BTt o SR, 2 20 7 I 7E B A 7 Ve AR O T
W 22 TR g2 3, AT RE R AR SR 7 R IR
W o BRAEOC T I S 5 R 5 WK B B Y BT 5T 32
BETPTE 2 SRR TR, AR M A28, 15
WAIRAMEEF AR H T B H e 5 TR T B 1) 4 B JRR
PSR, , e Bl e 2R R 56 1K QoR-15 B3 i
T NIAM A, 22 57 BA IR S EEARFH 3 K%
SIS BRI, FE STUME R B HE 1) S8 R A AR P Y
BEDLXT RIS 7, i S e 21 5 L R 2H R S5 26 1
K QoR-15 B3 Jege it 22 5, (H B S G 2H 7RO FE S
R4 BE AN S5 0 DK 7 T B A
3.3 skt A A AP SRR L% A R

TEARMIZE S, Remimazolam ZHHEAS N FRER )5 15 min
OAA/S P43 [5(4,5) 55 |, KT Control ZHAY 5(5,5) 51,
H 1 Remimazolam 2017 <4 70F 841 (11. 4%) , $E7~
Fii h AL A R B — e MR R TP AR ERE ] L 30 min
Ji B &2 22 5 Control 20 Jo 25 5 1Y /K- o 3K — B PR 4
5 iy b e w5 Dk 205 24 J 10 24 v J3E 1 728 Ak R A — 3K
Wiltshire %5779 T 116 R 30 25 1% 5 7 25 -2 A
YD 71 B E WA P L A8 i 1 245 i B 8 A T Rk
TR, 33 Tl Jo 2050 T A e R 118 24 B R A A )
B A e T A R G R BT Y b B R
Wl A rEdrm, WA P im0 shid 28 ARl
W PRI X S0 (P Ik R S 2 S R RO RSO R A 3R 2
S TG AR L (P>0. 05) , 26 I BV Dk e 5 3
M 0. 2 merkg AHGANA AN BB Y % A AU o
3.4 B AL EE

AT R TSR BEALUUE 22 B0 0 B, B 7
Y5 UE/INR i s T R TE CSEA 515y 7 v 70 B 9% 5% ) i
RSP RS A o Al PR AL B9 00 46 B B,
SEIT RS R AR UEE 2 S S WL IR R R ET R . A
TE LA T JRy BRAE : OABI I 2 B 5T, R AT 75 2
12 REEA S 5T R ESS R @ 3 245 R 4
i 34730 3 F2 WL IR]2 K 0] 46 ) A AT PEAL Bk =2 20 004
WAL IFE R . AL, 308 7 7 IR R ik AR, (e 3
G2 WA BRI 0 90 B Bl KR il | P 28 R A% O A
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ok 00 AR PR A, DA DR 2 4 R M f
PRI o 335 3 J5i s A4 T e i rl, A BRI 9 AR TR A
ML AEAS B Bl L ST, 30 A2 7 Rk JRR e 4 358 I
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TIE Bty Sy s 2 75 38 e 35 T Fe AR X GABA-A 3214
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X GABA REH 28 70 (4 3 1815 300 fi 1) 4 B, R R HL X} 98
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5 A I LT LR I e | 5% €0 e A A TR R T 35k 5 B
AR 5 [R5 W AZ O - A1 JE A TR B, P4k B T k>
JE 7 3 AU LI B 2 4 /0N IR A R TR 0 o]
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